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This study aims in establishing the in vitro basis for a primate model to evaluate potential applications of H. saimiri-
transformed T cells. T cell lines specific for myelin basic protein and streptolysin O were derived from rhesus monkeys
and transformed to stable antigen-independent growth with strain C488 of H. saimiri. The transformed T cells from rhesus
monkeys did not produce infectious virus and harbored the H. saimiri genome exclusively in an episomal form, whereas
transformed T cells from the New World monkey Calltithrix jacchus released infectious virus. Transformed T cells from
rhesus monkeys showed an unaltered surface expression of CD2 and CD3, of the activation markers CD25 and CD69, and
of the costimulatory molecule CD80 (B7.1). Remarkably, both transformed and nontransformed T cell lines were largely
double-positive for CD4 and CD8. In contrast to the parental cell lines, the transformed cells constitutively expressed major
histocompatibility complex-DR antigens and were able to present antigen to each other. The transformed T cells from
rhesus monkeys continued to express a functionally intact T cell receptor and responded to recognition of their antigen
with enhanced proliferation and production of Th1-type cytokines. In conclusion, H. saimiri-transformed rhesus monkey T
cells may open a way to primate models for adoptive immunotherapy and studies on the pathogenesis of autoaggressive
T cells. q 1997 Academic Press
INTRODUCTION CD2 to its ligand CD58 (Mittru¨cker et al., 1992). CD2
constitutes an alternative pathway of T cell activation,
Herpesvirus (H.) saimiri, a lymphotropic g-2 herpesvi- since certain pairs of antibodies to CD2 activate native
rus, persists lifelong in its natural host, the squirrel mon- T cells (Meuer et al., 1984). In humans the most important
key. It is apparently apathogenic in this species, but in- cellular ligand for CD2 is CD58 that is expressed on a
duces leukemia and lymphoma in other New World pri- variety of cell types including lymphocytes. While native
mates. T cells of various species of New World monkeys T cells are not activated upon binding of CD2 to its ligand
can be transformed to continuous growth in vitro by H. CD58, this interaction is the important stimulus for the
saimiri (Fleckenstein and Desrosiers, 1982; Schirm et al., autocrine growth of H. saimiri-transformed T cells (Mit-
1984; Desrosiers et al., 1986). Some subgroup C strains tru¨cker et al., 1992). Human H. saimiri-transformed T cells
of this virus can transform human T cells to stable in- can be triggered to cytotoxicity (Mittru¨cker et al., 1993;
terleukin (IL)-2 dependent growth in cell culture (Bie- Berend et al., 1993) and to secrete T helper cell type 1
singer et al., 1992). cytokines like IL-2, interferon (IFN)-g, granulocyte macro-
Established human T cell clones can be transformed phage colony stimulating factor (GM-CSF), and tumor
by this virus and the transformed T cells retain essential necrosis factor (TNF)-a (Weber et al., 1993; De Carli et
properties of their parental cells (reviewed in Meinl et al., 1993; Mittru¨cker et al., 1993; Meinl et al., 1995a).
al., 1995b). The transformed human T cells have the phe- Recently, it was discovered that not only ab, but also gd
notype of activated mature human T cells. They are either T cells can be transformed to stable growth by H. saimiri
CD4/CD80 or CD40CD8/ and express T cell differentia- (Klein et al., 1996; Yasukawa et al., 1995). Importantly,
tion markers, activation markers, and adhesion mole- the H. saimiri-transformed human T cells retain a struc-
cules. The stable growth of H. saimiri-transformed T cells turally and functionally intact T cell receptor (Weber et
is based on a mutual activation involving the binding of al., 1993; Bro¨ker et al., 1993; De Carli et al., 1993; Berend
et al., 1993; Mittru¨cker et al., 1993). These properties
distinguish H. saimiri-transformed T cells from HTLV-I-1 To whom correspondence and reprint requests should be ad-
transformed T cell lines and clones, because T cells tenddressed. Fax: //49-9131-856493. E-mail: ermeinl@viro.med.uni-er
langen.de. to lose their cytotoxic potential and their T cell receptor
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within a few months after infection with HTLV-I (Inatsuki and the relevant antigen to every other well. The antigen-
reactive colonies were selected microscopically and fur-et al., 1989; Yssel et al., 1989).
H. saimiri has already been shown to be an efficient ther expanded in IL-2 containing medium and were re-
stimulated after 2 weeks with autologous PBMC andvector for T cells (Desrosiers et al., 1985; Grassmann et
al., 1989). The genomic structure promises a large clon- antigen.
ing capacity for such vectors. Attenuated H. saimiri might
Transformation with H. saimiribe used as a vector for gene therapy and as an amplifica-
tion system to propagate antigen-specific T cells for
The parental T cell line 9216-BP3 (Meinl et al., 1997)
adoptive immunotherapy. These potential applications
underwent eight stimulation cycles with MBP; the T cell
call for an animal model for human T cells transformed
line 9079-S1 underwent three stimulation cycles with Slo
by H. saimiri.
before infection with H. saimiri. The native T cell lines
The novel finding of this study is that antigen-specific
were stimulated at least six times before the comparative
T cell lines from rhesus monkeys can be transformed to
analyses with the transformed T cells were done. Infec-
stable growth. Thereby we provide the in vitro basis for
tious supernatant (10% (v/v)) from lytically infected owl
a primate model to analyze potential applications of Her-
monkey kidney cells was added 3 days after the last
pesvirus saimiri-transformed T cells for immunotherapy
restimulation. This is a tissue culture infectious dose of
and studies on the pathogenesis of autoreactive T cells.
about 105. The infectious supernatant from owl monkey
kidney cells was obtained essentially as described (Fick-
MATERIALS AND METHODS enscher and Fleckenstein, 1994). After infection with H.
saimiri, every 2 to 3 days half of the medium was ex-Monkeys
changed with fresh medium containing 45% CG-medium
Blood was obtained from two Old World monkeys (rhe- (Vitromex, Vilshofen, Germany) (Fickenscher and Fleck-
sus monkeys  Macaca mulatta), named 9216 (male,* enstein, 1994), 45% RPMI 1640, 10% fetal calf serum sup-
3/1992) and 9079 (female,* 12/1990) (Biomedical Primate plemented with 2 mM L-glutamine, 10 mg/ml gentamycin,
Research Center, Rijswijk, The Netherlands), and the two and 80 U/ml of IL-2 (Boehringer Mannheim).
New World monkeys (common marmosets, Callithrix jac-
chus) Ha (male,* 3/1992) and VV (female,* 1/1991) (Max Detection of H. saimiri in transformed cells
von Pettenkofer Institut, Munich, Germany).
The applied technique (Gardella et al., 1984) allows
the distinction between linear virion DNA and episomalEstablishment of antigen-specific T cell lines
circular DNA. The electrophoresis was performed on a
vertical 1% (w/v) agarose gel at 47. The wells had a 0.5Myelin basic protein (MBP) was prepared from rhesus
brain as described (Eylar et al., 1979). Streptolysin-O (Slo) 1 0.5-cm area and were 1 cm deep. About 2 1 106 T
cells were washed in PBS, resuspended in 50 ml of awas purchased from Gibco (Eggenstein, Germany). The
T cell lines from the rhesus monkeys or marmosets were probe buffer containing 200 mg/ml Ficoll 400, 89 mM
Tris, 89 mM boric acid, 2 mM EDTA, 0.25 mg/ml bromphe-established using a limiting dilution technique essentially
as described (Pette et al., 1990). Peripheral blood-derived nol blue, and 50 mg/ml RNase A, and loaded into the
bottom of the wells. Then 120 ml of a lysis buffer con-mononuclear cells (PBMC) from the monkeys were ob-
tained after discontinuous gradient centrifugation on taining 50 mg/ml Ficoll 400, 1% SDS, 0.25 mg/ml xylene
cyanol, and 1 mg/ml protease K was added. Proteins andLymphoprep (Nycomed, Oslo, Norway). PBMC were
seeded at a density of 2 1 105 cells/well into 96-well RNA were degraded during a first period of 3 hr at 10 V.
Subsequently the electrophoresis was continued for atround bottom plates in 100 ml RPMI 1640 supplemented
with 2 mM L-glutamine, penicillin/streptomycin, and 5% least 20 hr at 100 V until xylene cyanol reached the
bottom of the gel. The DNA was transferred to a Hybondheat-inactivated pooled rhesus serum (cultures with rhe-
sus monkey T cells) or fetal calf serum (cultures with membrane (Amersham, Braunschweig, Germany) by al-
kaline transfer and subsequently hybridized under strin-common marmoset T cells). Rhesus MBP (30 mg/ml) or
Slo (1–10 U/ml) was added. After 3 days, 100 ml medium gent conditions with a 32P-labeled AccI fragment of H.
saimiri strain C488 that contains the gene coding for thesupplemented with 30 U/ml of recombinant human in-
terleukin (IL)-2 (Hoffmann-La Roche, Basel, Switzerland) H. saimiri transformation-associated protein of C-strains
and hybridizes specifically with C-strains of H. saimirior 5 U/ml of recombinant human IL-2 (Boehringer Mann-
heim, Mannheim, Germany) was added. Three and 6 (Biesinger et al., 1990, 1992; Fickenscher and Fleck-
enstein, 1994). The stringently washed filter was exposeddays later, 100 ml medium was removed and replaced
by 100 ml IL-2 containing medium. After 3 more days, the on an X ray film.
Coculture experiments of T cells with permissive owlcells of each well were washed, resuspended in 100 ml
medium without IL-2, and split into two wells. Irradiated monkey kidney cells were performed as described (Fick-
enscher and Fleckenstein, 1994). Additionally, superna-(3000 Rad) autologous PBMC were added to all wells
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tants from T cell cultures were collected to concentrate
potentially existing virus particles. To this end, 40 ml of
supernatant was first centrifuged at 300 g for 10 min to
separate the cells. The supernatants were then centri-
fuged at 4 1 104 g for 4 hr. The pellet was resuspended
in 5 ml of culture medium and added to owl monkey
kidney cells.
Flow cytometry
The monoclonal antibodies (mAbs) specific for human
leukocyte antigen (HLA)-DR (L243), HLA-class I (W6/32),
CD2 (TS2/18.1.1), CD58 (TS2/9.1.1.4.3), and human CD3
(OKT-3) were used. These mAbs were obtained from su- FIG. 1. Persistence of H. saimiri in transformed cells. T cell lines
pernatants of hybridomas that were purchased from from common marmosets (CJ), rhesus monkeys, and humans were
analyzed for the status of viral persistence by Southern hybridisationAmerican Type Culture Collection (Rockville, MD). The
with the AccI fragment of H. saimiri C488. This figure shows a so calledmAb X11-1 (CD2) was a generous gift of Dr. A. Bernard
‘‘Gardella’’ gel, which separates episomal and linear DNA (Gardella et(Nice). With the exception of OKT-3, all these antibodies
al., 1984). T cells transformed with H. saimiri C488 have the suffix T.
do also react with the corresponding leukocyte antigens The cell line Ha-S-A11 that was transformed by H. saimiri strain A11
of rhesus monkeys. To detect specifically rhesus monkey served as an additional specificity control for the AccI fragment of H.
saimiri C488 that is specific for C-strains of H. saimiri (Biesinger et al.,CD3, the mAb FN-18 (Nooij et al., 1986) was applied.
1990). The parental nontransformed cell lines from rhesus monkeysFITC-labeled antibodies to mouse Ig (Dianova, Hamburg,
(9216-BP3 and 9079-S1) served as negative controls. The cell line RI-Germany) were used as secondary antibodies. A phy-
T was obtained by infecting freshly isolated blood cells from a rhesus
coerythrin-labeled mAb to CD8 (Leu2a) and a FITC-la- monkey without prior in vitro culture.
beled Ab to CD4 (Leu3a) (both from Becton–Dickinson,
Heidelberg, Germany) were used for double staining of
of 1:10. Two days later, the cells were labeled and har-CD4 and CD8. These two antibodies have been reported
vested as described above. Second, murine L-cells thatto react also with rhesus surface molecules (Reimann et
were transfected with CD32 (FcgRII) (Peltz et al., 1988)al., 1994). The phycoerythrin-labeled antibodies to the B
were treated with 100 mg/ml of mitomycin (Sigma) for 60cell marker CD19 and to CD69 were obtained from Bec-
min, washed four times, and seeded at a density of 3 1ton–Dickinson. A FITC-labeled mAb directed against
104 cells/well in 100 ml into 96-well flat bottom wells. TB7.1 (CD80) and a FITC-labeled control mAb of the same
cells (3 1 104/well) were added in 50 ml, the mAb X11-1IgM isotype were obtained from Alexis (Gru¨nberg, Ger-
directed against CD2 (ascites diluted 1:5000), the mAbmany). The stained cells were analyzed with a FACStrak
OKT-3 directed against human CD3 as a control, or the(Becton–Dickinson).
mAb FN-18 directed against rhesus CD3 (1 mg/ml) were
added in another 50 ml. The supernatants were collectedProliferation assays and cytokine measurements
after 48 hr and the production of IFN-g was determined
The transformed or nontransformed T cells (3 1 104/ (Bacchetta et al., 1990).
well) were cultured in 96 flat bottom well plates along
with the indicated number of irradiated PBMC. MBP (20 RESULTS
mg/ml) or Slo (1–10 U/ml) was added where indicated.
Status of viral persistence
The total volume was 200 ml/well. To measure the prolif-
eration, [3H]thymidine (Amersham, Braunschweig, Ger- The transformed T cells from rhesus monkeys har-
bored H. saimiri exclusively in episomal form, no linearmany) was added after 48 hr to get 0.22 mCi/well, and
the cultures were harvested 16 hr later. The proliferation virion DNA was detected (Fig. 1). By contrast, the trans-
formed T cells from the New World primate specieswas measured in a liquid scintillation counter. To mea-
sure the cytokine production, the supernatant was col- Callthrix jacchus contained both linear virion DNA and
episomes (Fig. 1). Coculture experiments and virus isola-lected after 48 hr. IFN-g, GM-CSF, TNF-a (Bacchetta et
al., 1990), and IL-4 (van Besouw et al., 1994) were mea- tion attempts from supernatants on permissive owl mon-
key kidney cells over 6 weeks confirmed that transformedsured by ELISA as described.
To study the mechanisms underlying the autocrine cells from rhesus monkeys did not release infectious
virus. Again, different results were obtained with trans-growth, two sets of experiments were performed. First,
the transformed T cells were seeded at a density of 6 1 formed cells from common marmosets. These cells re-
leased infectious virus, as seen by the specific cytopathic104 in 96-well round bottom wells in medium without IL-
2. Subsequently supernatants containing mAbs directed effect on owl monkey kidney cells within 2 weeks after
coculture or addition of culture supernatant.against CD2 or CD58 were added at a final concentration
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0.1 ng/ml, which was the detection limit of the ELISA.
The transformed T cell lines produced higher amounts
of IFN-g than the parental cell lines (Fig. 2). Both trans-
formed and nontransformed cell lines could be stimu-
lated via CD3 to enhanced cytokine production. The
transformed T cells, but not the parental cells, could be
triggered to enhanced cytokine production with a cross-
linked CD2-mAb (Fig. 2).
Surface markers
The examined transformed cells from rhesus monkeys
FIG. 2. CD2 and CD3 mediated activation. The parental T cell line showed the phenotype of normal activated T cells (Fig.
9216-BP3 and its transformed derivative 9216-BP3T were cultured with 4). They expressed the T cell differentiation markers CD2L cells that were transfected with an Fc-receptor (CD32). The mAb X11-
and CD3. Major histocompatibility complex (MHC)-class1 that recognizes CD2 and the mAb FN-18 that recognizes rhesus
I, MHC-class II antigens, the adhesion molecule CD58monkey CD3 were applied. The mAb OKT-3 that does not bind to rhesus
monkey cells served as a control. The supernatants were collected (LFA-3), the costimulatory molecule B7.1 (CD80), and the
after 48 hr and the IFN-g production was measured by ELISA. activation marker CD69. When compared with the non-
transformed parental cells, the phenotype was unaltered
with one exception. The transformed, but not the parentalGrowth characteristics and activation via CD2 and
T cells constitutively expressed MHC-DR. Most of the TCD3 of the transformed cells
The transformed rhesus T cells showed continuous
growth for more than 1 year without restimulation. The
cell number increased by a factor of two to four per
week. The cells remained IL-2 dependent, they stopped
growing, and started to die a few days after IL-2 with-
drawal. By contrast, the transformed cells from common
marmosets kept growing even in the absence of IL-2. In
order to get further insight into the mechanism underlying
the activation conditions, we analyzed whether CD2-me-
diated activation is involved in the autocrine growth of
the T cells from rhesus monkeys as was seen for human-
transformed T cells (Mittru¨cker et al., 1992). First, the
transformed rhesus T cells were cultured in the presence
of antibodies to CD2 and CD58. Both antibodies reduced
the spontaneous growth by a factor of two to four. Sec-
ond, it was studied whether crosslinking of CD2 or CD3
would activate them. Mouse L cells that were transfected
with an Fc receptor (CD32) were used to crosslink the
antibodies. The crosslinked mAb FN-18 directed to rhe-
sus CD3 activated both the transformed and parental
cells to produce IFN-g. This demonstrates that the trans-
formed cell lines retain a functionally intact T cell recep-
tor. The response to CD2-ligation by a single anti-CD2
mAb, however, is transformation-specific: only the trans-
formed cells, but not the parental cell lines were acti- FIG. 3. Antigen-specific activation of transformed and nontrans-
formed T cells. The H. saimiri transformed T cell lines 9079-S1T (A, B),vated by the crosslinked mAb X11-1 directed against CD2
9216-BP3T (C, D) and their parental cell lines 9079-S1 (E) and 9216-(Fig. 2).
BP3 (F) were cultured with different numbers of autologous PBMC in
the presence (closed squares) or absence (open circles) of the relevantCytokine profile
antigen Slo (A, B, E) or MBP (C, D, F). In this figure each of the studies
cell lines and each of the cytokines that were found to be producedThe transformed T cells produced IFN-g, GM-CSF, and
by H. saimiri transformed T cells is represented. To measure the pro-TNF-a (Figs. 2 and 3). This is the same set of cytokines
duction of TNF-a (A), GM-CSF (B), or IFN-g (C), the supernatants were
that was produced by the parental T cell lines (Fig. 2 and collected after 48 hr and the cytokine concentration was determined
data not shown). The amounts of IL-4 secreted by the by ELISA. To measure the proliferation (D, E, F), the cultures were
labeled with [3H]thymidine after 48 hr and harvested 16 hr later.transformed and the parental T cell lines was less than
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CSF. Each of these cytokines and each of the studied
cell lines is represented in Fig. 3. The transformed T
cell lines, however, were stimulated to proliferation and
cytokine production also by irradiated autologous PBMC
in the absence of antigen (Fig. 3). Therefore, the cytokine
and proliferation assays were done with titrated numbers
of PBMC. The antigen-specificity was most evident at
low concentrations of PBMC. The transformed cells were
able to present the antigen to each other and showed
an antigen-specific cytokine production and proliferation
in the absence of PBMC. An increasing amount of PBMC
tended to obscure the antigen-specific response of the
transformed cells, but not of the nontransformed parental
cells (Fig. 3).
DISCUSSION
This study demonstrates preserved antigen-specific
reactivity of T cell lines from nonhuman primates after
herpesviral growth transformation. T cell lines from rhe-
sus monkeys specific for myelin basic protein and strep-
tolysin O were generated and subsequently transformed
with H. saimiri. T cells from rhesus monkey and man
transformed with H. saimiri were found to share essential
properties, but showed differences to T cells from New
World monkeys that were transformed with the same
virus.
The transformed antigen-specific T cells from rhesus
monkeys analyzed in this study contained H. saimiri ex-
clusively in an episomal state and did not release infec-
tious virus. They share this feature with transformed hu-
man T cells (Biesinger et al., 1992; Fickenscher et al.,
FIG. 4. Expression of surface markers on H. saimiri transformed T
cells and their parental T cells. The transformed T cell line 9216-BP3T
was stained with mAbs specific for CD2 (A), CD3 (B), CD58 (C), CD69
(D), CD80 (E), MHC-class I (F), and MHC-class II (G) (closed graphs)
as described under Materials and Methods. The mAb OKT3 that does
not bind rhesus T cells served as a negative control (open graphs) in
A, B, C, and G. A phycoerythrin-labeled mAb to CD19 served as a
negative control in D and a FITC-labeled IgM mAb was the control in
E. The parental nontransformed T cell line 9216-BP3 did not express
MHC-DR (H). The mAb OKT3 was the control in H. The horizontal axis
shows the fluorescence intensity displayed in a logarithmic way, the
vertical axis the cell number in a linear way.
cells were double positive for CD4 and CD8. This pheno-
type was found before and after transformation (Fig. 5).
FIG. 5. Double expression of CD4 and CD8 on parental and trans-Response to antigen and blood cells as antigen
formed T cells from rhesus monkeys. The parental cell lines 9216-BP3
presenting cells (A) and 9079-S1 (C) and their transformed derivatives 9216-BP3T (B)
and 9079-S1T (D) were double-stained with a FITC-labeled mAb against
The transformed T cell lines 9216-BP3T and 9079-S1T CD8 (horizontal axis, logarithmic display) and a phycoerythrin labeled
responded to recognition of their antigen with enhanced mAb against CD4 (vertical axis, logarithmic display). The negative con-
trol was in the lower left quadrant.proliferation and production of IFN-g, TNF-a, and GM-
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1996). For comparison, we also transformed T cell lines of CD8 on CD4/ human T cell clones has been reported
(Paliard et al., 1988), (d) coexpression of CD4 and CD8from common marmosets. In contrast to the transformed
rhesus T cells, the marmoset T cells that were trans- by human T cells may occur as a consequence of T cell
activation (Blue et al., 1986).formed with the same strain of H. saimiri had both epi-
somal and linear virion DNA, as detected by Southern The transformed antigen-specific T cell lines from rhe-
sus monkeys retained a functionally intact T cell receptorhybridization. Release of infectious virus by transformed
T cells from marmosets was demonstrated by coculture as seen by anti-CD3 triggered cytokine production. They
responded to recognition of their antigen with enhancedwith permissive cells. In previous studies, primary T cells
from New World monkeys were transformed with differ- proliferation and cytokine production. Akin to trans-
formed human T cells (Weber et al., 1993), the antigen-ent strains of H. saimiri (Kiyotaki et al., 1986; Desrosiers
et al., 1986) and also with H. ateles (Johnson and Jondal, specificity may be obscured by an activation mediated
by irradiated blood cells. Blood cells activate human1981; Kiyotaki et al., 1988). When freshly isolated blood
cells from common marmosets were infected with H. transformed T cells via the CD2/CD58 pathway (Mit-
tru¨cker et al., 1992). This study has shown that also thesaimiri strain A11, the outgrowing transformed cells were
found to be CD8/ T cells that express a complete T autocrine growth of transformed rhesus T cells was me-
diated via a mutual activation via CD2; the spontaneouscell receptor on their surface and were cytotoxic against
various NK sensitive targets (Kiyotaki et al., 1986). Our proliferation could be reduced with soluble antibodies to
CD2 or its ligand CD58 and the transformed cells fromfinding of virus production by H. saimiri-transformed T
cells from common marmosets is in accord with previous rhesus monkey could be activated by antibodies to CD2
that were crosslinked by Fc receptor-transfected L cells.reports (Szomolanyi et al., 1987; Fickenscher et al., 1996).
The property of transformed human or rhesus monkey T An important functional difference between native and
transformed rhesus monkey T cells is that the trans-cells not to produce infectious virus is of obvious impor-
tance for the biological safety when using these cells for formed T cells, but not their parental T cells, were able
to present antigen to each other. This property of theimmunotherapy or for studies on the pathogenesis of
autoaggressive T cells. transformed cells is probably due to the observed induc-
tion of MHC-DR in the transformed T cells. The expres-Transformed rhesus T cells showed the phenotype of
activated T cells including the expression of MHC-class sion of adhesion molecules and of B7.1, an important
costimulatory molecule (Linsley and Ledbetter, 1993), re-I and MHC-class II antigens, of the adhesion molecule
CD58, the activation marker CD69, the costimulatory mol- mained unchanged after transformation by H. saimiri. The
ability of the transformed T cells to present the antigenecule B7.1 (CD80), and the T cell differentiation markers
CD2 and CD3. Remarkably, both the transformed and to each other is particularly useful when studying the
antigen-specific reactivity of these cells.nontransformed T cell lines were mostly CD4/CD8/. This
feature is uncommon for human T cells (Kelly et al., 1988). The transformed rhesus T cells produced the cytokines
IFN-g, TNF-a, and GM-CSF upon recognition of their anti-Nevertheless, it may occur, since analysis of a large
series of human T cell lines specific for myelin basic gen and also upon activation by blood cells. These cyto-
kines were also produced by the T cell lines before trans-protein revealed that about 5–20% of these T cell lines
contained a subpopulation that is CD4/CD8/ (Pette et formation, but the production of IFN-g was enhanced
through H. saimiri. Both the transformed and nontrans-al., 1990; Meinl et al., 1993). Double expression of CD4
and CD8 by H. saimiri-transformed T cells from rhesus formed rhesus monkey T cells did not produce IL-4. This
pattern resembles the cytokine profile of human-trans-monkeys has recently been described (Akari et al., 1996).
The regular appearance of CD4/CD8/ T cells, however, formed T cells. IFN-g, TNF-a, and GM-CSF were also
secreted by human-transformed T cells (Weber et al.,seems to be a peculiarity of cultured rhesus monkey T
cells, since we saw it independently of transformation 1993; De Carli et al., 1993; Meinl et al., 1995a), but the
ability of human H. saimiri-transformed T cells to producewith H. saimiri. This double expression of CD4 and CD8
on rhesus T cells could be due to an expansion of a IL-4 may vary. Two groups did not detect considerable
amounts of IL-4 in the supernatant of H. saimiri-trans-CD4/CD8/ lymphocyte subpopulation present in the
blood or due to an in vitro acquisition of CD4, respec- formed T cells (Weber et al., 1993; De Carli et al., 1993),
whereas another study indicated IL-4 expression bytively, CD8 by a single positive precursor population. We
favor the latter possibility because (a) we observed this transformed T cells (Chou et al., 1995).
Rhesus monkey and human, both Old World primates,double expression of CD4 and CD8 on T cell lines of
various antigen-specificities and also on a series of T cell are evolutionary closer related to each other than to mar-
mosets (Martin, 1993). Some MHC-DRB lineages are veryclones that were generated using mitogen (unpublished
observation), (b) under the same staining conditions similar (Bontrop et al., 1995) and antigen-presenting cells
from rhesus monkeys can present antigen to human-more than 90% of the lymphocytes present in the blood
of these studied rhesus monkeys are single positive for transformed and nontransformed T cells in certain MHC-
combinations (Meinl et al., 1995a). The rhesus monkeyeither CD4 or CD8, (c) the cytokine-mediated induction
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Spits, H., and Roncarolo, M. G. (1990). Host reactive CD4/ and CD8/is a valuable animal to study human autoimmune dis-
T cell clones isolated from a human chimera produce IL-5, IL-2, IFN-eases like multiple sclerosis (Rivers et al., 1933; Meinl
g and granulocyte-macrophage colony stimulating factor, but not IL-
et al., 1997) or rheumatoid arthritis (Bakker et al., 1992), 4. J. Immunol. 144, 902–908.
and also human infectious diseases like AIDS (Desro- Bakker, N. P. M., Van Erck, M. G. M., Otting, N., Lardy, N. M., Noort,
R. C., ’t Hart, B. A., Jonker, M., and Bontrop, R. E. (1992). Resistancesiers, 1995; Letvin, 1995). Remarkably, H. saimiri-trans-
to collagen-induced arthritis in a nonhuman primate species mapsformed T cells from human (Nick et al., 1993) and rhesus
to the major histocompatibility complex class I region. J. Exp. Med.monkey (Akari et al., 1996) are a permissive system for
175, 933–937.
immunodeficiency viruses. Berend, K. R., Jung, J. U., Boyle, T. J., DiMaio, J. M., Mungal, S. A., Desro-
The described properties of human and rhesus mon- siers, R. C., and Lyerly, H. K. (1993). Phenotypic and functional conse-
quences of herpesvirus saimiri infection of human CD8/ cytotoxickey-transformed T cells raise the possibility to use the
lymphocytes. J. Virol. 67, 6317–6321.transformation with H. saimiri to propagate antigen-spe-
Biesinger, B., Trimble, J. J., Desrosiers, R. C., and Fleckenstein, B.cific T cells for adoptive immunotherapy. H. saimiri-trans-
(1990). The divergence between two oncogenic Herpesvirus saimiri
formed T cells from rhesus monkeys could be used to strains in a genomic region related to the transforming phenotype.
study properties of transformed cells in vivo. Human Virology 176, 505–514.
Biesinger, B., Mu¨ller-Fleckenstein, I., Simmer, B., Lang, G., Wittmann,transformed T cells behaved like primary cells in a xeno-
S., Platzer, E., Desrosiers, R. C., and Fleckenstein, B. (1992). Stablegeneic model and did not induce tumors in nude and
growth transformation of human T lymphocytes by herpesvirus saim-SCID mice (Huppes et al., 1994). The reason for the lack
iri. Proc. Natl. Acad. Sci. USA 89, 3116–3119.
of tumor formation might be that the H. saimiri-trans- Blue, M. L., Daley, J. F., Levine, H., Craig, K. A., and Schlossman, S. F.
formed T cells require a continuous activation signal via (1986). Biosynthesis and surface expression of T8 by peripheral
blood T4/ cells in vitro. J. Immunol. 137, 1202–1207.CD2 for continuous growth that is not given in a murine
Bontrop, R. E., Otting, N., Slierendregt, B. L., and Lanchbury, J. S. (1995).environment, since the murine CD58 does not interact
Evolution of major histocompatibility polymorphisms and T-cell re-efficiently with human CD2 (Moingeon et al., 1989). Fur-
ceptor diversity in primates. Immunol. Rev. 143, 33–62.
thermore, murine IL-2 does not work across the species Bro¨ker, B. M., Tsygankov, A. Y., Mu¨ller-Fleckenstein, I., Guse, A. H., Chi-
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infectious virus akin to human cells. Higher levels of P. G. (1995). Expression of IL-2 and IL-4 in T lymphocytes transformed
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enstein, B., Romagnani, S., and Del Prete, G. (1993). Immortalizationrequire an animal model. This study proposes trans-
with Herpesvirus saimiri modulates the cytokine secretion profile of
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D. D., and Rottman, F. M. (1985). Synthesis of bovine growth hormonesus monkeys could facilitate various studies on T cell
in primates by using a herpesvirus vector. Mol. Cell. Biol. 5, 2796–immunology in this primate species.
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